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Claims for the following Contracting State: AT. 
@ Stimulation of hair growth. 

@ The present invention relates to a method of stimulating 
hair growth in part of the skin of a mammal. The method 
comprises selecting lower follicular dermal cells and culturing 
them. An opening is then formed in the skin and the cultured 
dermal cells introduced through the opening in the outer 
epidermis layer of the skin into contact with the dermis, with 
said cultured derma! cells in association with epidermis cells. 

The invention also provides a hair growth stimulating 
combination comprising cultured lower follicular dermal cells in 
admixture with epidermis cells, as well as such cultured dermal 
cells for use in the preparation of an Injection composition for 
stimulating hair growth in human skin. 
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STIMULATION OF HAIR GROWTH 



The present invention relates to the stimulation of 
hair growth in mammals and especially humans. 

Many diverse treatments have been previously 5 
proposed for the restoration of hair to areas of skin, 
in particular areas of human scalp, which have 
suffered hair loss. The vast majority of these have 
little or no effect One of the less ineffective 
treatments which is available commercially com- 10 
prises the physical transplantation of complete 
pieces of scalp including the whole roots of hairs 
with the surrounding dermis and epidermis from 
scalp areas in which hair loss has not occurred to 
areas where hair loss has occurred in order to 15 
produce hair growth thereat A major limitation of 
this form of treatment is though that each new hair 
follicle requires the transplantation of a complete 
existing hair follicle together with its surrounding 
skin tissue. Thus the technique is limited by the 20 
available quantity of hair bearing skin. Also the 
procedure is extremely tedious and time-consuming 
both for the subject under treatment and for the 
operative requiring very precise manipulation of 
large numbers of individual hair transplants. 25 

More recently it has been found that cultured 
dermal papilla cells when associated in vitro with 
non-hair-forming embryonic epidermis from mice 
can induce hair follicle formation. This procedure 
involves though first obtaining suitable embryonic 30 
tissue which would normally be available for humans 
and certainly not from the individual human suffering 
hair loss. It would then be necessary to culture the 
embryonic epidermal cells and then add these to the 
cultured dermal papilla cells prior to implantation. 35 

It is an object of the present invention to avoid or 
minimize one or more of the above disadvantages. 

It has now surprisingly been found that new hair 
growth can be stimulated in human scalp by 
introducing cultured dermal papilla cells alone into 40 
the dermis in association with epidermal cells which 
may be those already present at the treatment site or 
may be directly or indirectly obtained from other 
parts of the scalp. 

The present invention provides a method of 45 
stimulating hair growth of a desired hair type in part 
of the skin of a mammal which method comprises 
the steps of: selecting at least one lower follicular 
dermal cell of said desired hair type; culturing the 
selected dermal cell so as to produce cultured 50 
dermal cells; forming an opening in the skin of said 
part of the mammal; and introducing cultured dermal 
cells through said opening in the epidermis into 
contact with the dermis in proximity to the epidermis 
and with said cultured dermal cells in association 55 
with epidermal cells. 

With the method of the present invention new hair 
follicle development and hair growth can appear 
within a period of a few weeks in the immediate 
vicinity of the implantation site and . continues 60 
thereafter in what appears to be a substantially 
normal manner. 

As indicated above, the method of the present 



invention involves use of lower follicular dermal cells 
of the desired hair type. Thus for stimulating hair 
growth on the scalp, there are used dermal cells 
originating from human scalp, preferably from the 
scalp of the subject being treated. In this way, the 
hair colour, and physical size, texture and configura- 
tion will most closely match any existing hair growth 
on the scalp of the subject. Various dermal cells may 
moreover be used in the method of the invention 
including those from the dermal sheath as well as 
those from dermal papilla, the latter being preferred. 

Various methods are already known in the art for 
culturing dermal papilla cells and other lower 
follicular dermal cells as described for example in 
Jahoda and Oliver (I98I British Journal of Dermato- 
logy 105 623-627 and I984 JL Embryol. Exp. Morph 79 
2H-224). In general the dermal cells are cultured in a 
suitable culture medium. Preferably there is used a 
so called "defined 1 " medium re a medium in which 
only specific known components are present, in 
preference to other media which contain compo- 
nents of uncertain indentity such as for example 
foetal calf serum. 

Desirably the culture medium includes one or 
more dermal cell culture promoting and growth 
factors such as for example fibroblast, epidermal, 
and platelet derived growth factors. One particularly 
suitable medium containing a number of growth 
factors that may be mentioned is "Chang's Medium* 
(H Chang etal Proc. Nat. Acad. Sci. (USA) (1982) 7B 
4795-4799 available from Hana Media inc. Berkley, 
Cai. USA) 

In order to maintain a significant level of hair 
growth stimulating activity, the number of passages 
of the culture is desirably limited, for example to 4 
passages, and/or there are desirably used cloned 
dermal cell cultures wherein is used a cultured 
dermal cell population which originates from a single 
individual dermal cell. 

The cultured dermal cells are preferably used in a 
form substantially free of non-dermal cellular ma- 
terial and thus the method of the invention preferably 
includes the step of separating cultured dermal ceils 
from cell culture and/or support medium prior to 
introduction of the cultured cells into the skin. 

The invention also provides cultured human scalp 
lower follicular dermal cells for use in the preparation 
of a hair growth stimulating injection composition. 
Preferably the cultured dermal cells are recovered 
from the culture system by physical means without 
the use of enzymes such as trypsin whereby the ceil 
membranes and attached extra-cellular material in 
particular are substantially non-degraded and in a 
relatively adhesive form. Nevertheless where it is 
desired to implant the cultured cells by injection the 
cells may be collected using such enzymes and 
presented in a relatively mobile form in a physiologi- 
cally acceptable liquid injection vehicle. 

Advantageously, the cultured dermal cells are 
subjected to physical and/or bio-chemical aggrega- 
tion in order to induce and/or maintain aggregation 
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of the cultured dermal cells in the skin at the 
treatment site thereby to ephance inter-action with 
the epidermal ceils. Thus, for example, the use of 
centr'rfugation during recovery of the cultured dermal 
ceils will tend to result in a degree of aggregation, in 
addition there may be added to the cultured dermal 
cells at the time of introduction to the dermis or 
before, a suitable aggregation enhancing substance 
for example a glycoprotein such as fibronectin or 
glycosaminogiycans eg. dermatan sulphate, chon- 
droitin sulphates, proteoglycans, heparan sulphate, 
and other extraceiiar matrix components known to 
bind dermal papilla ceils eg collagens, hormones, 
and growth factors known to induce aggregative 
behaviour. 

The cultured dermal ceils may be introduced into 
contact with the dermis and in association with 
epidermal celis in any suitable manner. Thus for 
example, the cultured dermal ceils may be intro- 
duced directly between the dermis and the epider- 
mis of the outer skin layer at a treatment site. This 
may conveniently be effected by raising a blister on 
the skin at the treatment site and introducing the 
dermal ceils inside the blister ie into the cavity 
occupied by the blister fluid. The blister may be 
raised by any suitable means including for example 
by mechanical means such as the application of a 
reduced pressure suction to the skin, or by chemical 
means. 

Alternatively the cultured dermal cells may be 
introduced into a suitable incision extending through 
the epidermis down into the dermis, the incision 
being filled up with cultured dermal cells generally up 
to a level in direct proximity to the epidermis at either 
side of said incision. 

in yet another alternative, the cultured dermal cells 
may be introduced together with epidermal cells. 
The epidermal cells may either be in the form of free 
epidermal ceils or in the form of a sheet of epidermal 
cells obtained for example from another part of the 
subject's body eg the thigh, in the latter case the 
dermal celis are conveniently enclosed in a pocket 
formed from the sheet of epidermis. In the former 
case, the epidermal cells may conveniently be 
cultured epidermal cells, and desirably obtained 
from the subject undergoing treatment. Both proce- 
dures have the advantage that they avoid the need 
for introducing the cultured dermal ceils into the 
dermis at a carefully selected position in more or 
less direct proximity to the adjoining epidermis of 
the subjects' skin at the treatment site. This 
considerably simplifies the treatment procedure 
since with this approach, the cultured dermal cells 
may be introduced into the dermis at a position 
which is not in direct proximity to the epidermis of 
the outer skin layer. Where the cultured dermal cells 
are introduced inside a pocket formed of epidermis, 
the incision in the skin at the treatment site is 
desirably formed so as to extend obliquely at a more 
or less shallow angle to the surface of the skin so as 
to form in effect a flap of skin under which the pocket 
of cultured dermal cells may be introduced, the flap 
then being positioned back over the top of the 
pocket to seal it in and protect it from external 
contamination. 



Preferably a large plurality of smaJl closely spaced 
openings are formed in said part of the skin and the 
cultured dermal cells introduced thereinto. Desirably 
each opening is filled with a large plurality of cultured 

5 dermal celis. The size and depth of the openings may 
be readily varied. Desirably though the lateral extent 
of individual openings is minimized and preferably 
limited to about 5 mm, most preferably 2 mm. The 
depth of the openings is desirably greater than the 

10 full depth of the epidermis (though this is not 
normally required where the opening Is being made 
at a blister as described above), and advantageously 
extends at least I mm, preferably at least 3 mm into 
the dermis. 

15 The openings in the skin may be formed by any 
suitable means and will generally use some form of 
skin cutting instrument such as a scalpel or a 
hypodermic needle. Advantageously though there is 
used a multiple-perforation apparatus having a 

20 plurality of spaced apart cutting edges formed and 
arranged for simultaneously forming a plurality of 
spaced apart openings in the skin. 

In another aspect the present Invention provides 
human cultured human scalp lower follicular dermal 

25 cells for use in the preparation of a hair growth 
stimulating injection composition. 

Conveniently the cultured dermal papilla cells are 
introduced simultaneously into a plurality, preferably 
at least several, openings in the skin. 

30 The quantity of cells introduced into each opening 
will depend on various factors such as the size and 
depth of the opening and the overall viability and 
activity of the cells. In general though there is used 
an amount of from IOOO to 1,000,000 eg. from 

35 10,000 to 200,000 cells per opening in a volume 
of 0.5 to 50uJ. 

Advantageously the subject is treated, topically 
and/or systematically before or at the same time, but 
preferably after treatment with the dermal celis with 

40 a hair growth promoting substance in order to 
enhance the new hair growth. Suitable substances 
that may be mentioned include minoxidil (available 
from the Upjohn Co. of Kalamazoo USA), cyclos- 
porin, and natural or synthetic steroid hormones and 

45 their enhancers and antagonists eg. anti-androgens. 
Further preferred features and advantages of the 
present invention will appear from the following 
detailed examples given byway of illustration only of 
some preferred embodiments. 

50 

EXAMPLE 1 - Growth of Rat Vibrissia Hairs 

Preparation of Cultured Dermal Papilla Cells 
Dermal Papilla Ceils were obtained from inbred 

55 hooded PVGC rats (Colony, Dundee University, 
Scotland) using procedures described in Oliver 
(1966, J. Embroyol. Exp. Morph. 15, 331-347). Briefly 
an incision was made below the most ventral 
horizontal row of whiskers on the rat rnystacial pad. 

60 An incision was extended dorsally by cutting parallel 
to the skin surface. The whisker pad was reflected 
and retained with artery forceps. The exposed ends 
of whisker roots or "bulbs" were then cut from the 
bases of cleaned follicles and transferred to sterile 

65 medium as described in Jahoda and Oliver (1981, 



3 



5 



0 236 014 



6 



British Journal of Dermatology I05, 623-627). 

Primary cultures were initiated as described in 
Jahoda and Oliver except that the initial culture 
vessel used was not the Cruikshank Chamber but a 
35 mm diameter plastic dish obtained from the 
Sterilin Company of Feltham, Middx., England. The 
present experiments were performed on passage i 
subcuitured cells which were obtained by subcultur- 
ing primary cultures after 2-3 weeks using O.250/0 
trypsin in phosphate-buffered saline/EDTA (0.2mg/ 
ml). All current implantations were performed on 
passage I cultures of rat whisker dermal papilla cells, 
using medium as described in Jahoda & Oliver. The 
foetal calf serum requirement was between 10 and 
20%. Further details of the above procedures are 
described in Jahoda and Oliver (I984, J. Emryol. exp. 
Morph.79, 2II-244). 

24 hours prior to implantation, the cultured cells 
were incubated in medium in which the feotal calf 
serum had been replaced by rat serum at a 
concentration of from IO to 20°/o. The rat serum was 
obtained from rats of the same strain by syringe 
extraction from the hearts of freshly killed animals. 
Following removal, blood was left overnight at 4° G to 
allow separation of blood cells from serum. Serum 
was then removed with a pasteur pipette and spun 
for 30 minutes in a centrifuge at at 3,000 G to 
remove remaining cells and debris. 

PREPARATION OF HOST IMPLANTATION SITE 

Rat ears were depilated using Immac (Trade 
Name) hair removal cream (available from Anne 
French of London, produced under licence from 
Whitehall Laboratories, New York, USA) and then 
washed thoroughly with warm water and swabbed 
with 70o/o alcohol. Artery forceps were used to 
clamp the edge of the ear in a horizontal position 
over a support bed of cotton wool. An incision was 
made of length between I and 3 mm and with a depth 
below the full thickness of the skin. The cut was 
made using the tip a number II scalpel blade. A 
region of the ear which contained less visible 
vasculature was chosen to avoid excess external 
bleeding. Following the cut the incision was 
swabbed with absorbent cotton wool until bleeding 
ceased. 

PREPARATION OF CULTURED CELLS FOR 

. IMPLANTATION 

Cells were obtained from 35 mm culture dishes in 
the following manner: 

culture medium was removed by pipette and the 
dish was then inverted to remove the maximum 
amount of medium. A rubber policeman ( an 
instrument consisting of a silicon rubber cube with a 

, wire handle) was then used to scrape the ceils from 
the bottom of the dish. This action results in the ceils 
forming bodies of semi-solid adhesive cellular 
material which are visible to the naked eye in clumps 
at the bottom of the dish. 

IMPLANTATION OF CULTURED CELLS 

Bodies of the cultured cells were picked up using 
number 5 sharpened watchmaker forceps. These 
were then transferred to the wound incision and 



released into the wound. This process was repeated 
until the wound was packed with a body of some 
100,000 or so of the papilla cells often forming a 
convex dome above the skin surface. The ears were 
5 then left untouched, no attempt being made to cover 
the ears or openings therein with any dressing or 
other sealant. 

RESULTS 

10 The normal hair growth (average length I-2 mm) 
returned to the depilated ear surface after a few 
weeks. Longer than normal experimental hairs which 
were of vibrissa - like nature were observed by 4 
weeks following the implantation. Some of these 

15 induced hairs (up to 12 per implantation site) grew to 
a length of 6-7 mm and continued to grow some 3 
to 4 months following implantation. The induced 
hairs were seen microscopically to emanate in a line 
following exactly the position of the wound opening 

20 scar. Closer observation reveals follicle openings 
inside the line of the scar tissue itself. 

EXAMPLE 2 - METHOD OF INDUCING HUMAN 
HAIR GROWTH 

25 Human dermal papilla cells are collected and 
cultured using substantially the same procedure as 
described in Example I except that the dermal papilla 
cells were obtained by teasing out dermal papillae 
using tungsten needles from exposed hair follicles in 

30 hair-growing-scalp biopsies and the autologous 
human serum would be used in the growth of cells. 

Further details of suitable procedures are de- 
scribed in Messenger (Br. J. Derm. HO 685-689 
(I984). 

35 Implantation sites are prepared as described in 
Example 1 and then filled with the cultured dermal 
papilla cells (approximately 100,000 ceils per site). 

Example 3 - Growth of human hair 

40 

Preparation of cultured Dermal papilla cells 

Dermal papilla cells were obtained from the scalp 
of a female subject aged 48 years and cultured using 
the procedure of Example 1. Passage 1 subcuitured 
45 cells were recovered from the culture medium again 
using similar procedures to those of Example 1, 29 
days after first collection of dermal papilla cells, for 
use in the treatment as described below. 

50 Preparation of treatment site 

Human full thickness (epidermis and dermis skin 
grafts obtained from the groin of a 70 year old male 
subject were transplanted onto nude athymic mice. 

55 Introduction of cultured dermal cells 

After 42 days small incisions were made in the skin 
grafts and the cultured dermal papilla cells intro- 
duced thereinto using a similar procedure to that 
described in Example 1. 

60 

Results 

60 days after introduction of the dermal papilla 
cells biopsies were taken from the treated mice and 
examined microscopically. Various stages of dermal 
65 papilla-epidermis interaction and hair growth were 
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observed at a number of sites, including the 
development of a distinct basai lamina, localized 
epidermal hyperplasia with a pronounced membrane 
thickening, and formation of a hair follicle peg, at the 
site of dermal papilla ceil introduction. 



Claims 

1. A method of stimulating hair growth of a 
desired hair type in part of the skin of a mammal 
which method comprises the steps of: select- 
ing at least one lower follicular dermal cell of 
said desired hairtype; 

culturing the selected dermal cell(s) so as to 
produce cultured dermal cells; 
forming an opening in the skin of said part of the 
mammal; and introducing cultured dermal cells 
through said opening in the epidermis into 
contact with the dermis in proximity to the 
epidermis and with said cultured derma! cells in 
association with epidermal cells. 

2. A method as claimed in claim 1 wherein 
said cultured dermal cells introduced through 
said opening are subjected to physical and/or 
biochemical aggregation thereby to enhance 
interaction with said epidermal cells. 

3. A method as claimed in claim 2 wherein 
said cultured dermal cells are treated with an 
aggregation promoting glycoprotein or glyco- 
saminoglycan. 

4. A method as claimed in any one of claims 1 
to 3 wherein said opening is in the form of a 
narrow incision having a depth of from 0.4 to 
6mm. 

5. A method as claimed in any one of claims 1 
to 4 which method includes the step of inducing 
a blister in said part of the skin, and wherein 
said opening is made in part of the epidermis at 
said blister, and said cultured dermal cells are 
introduced into the blister cavity. 

6. A method as claimed in any one of claims 1 
to 4 wherein the cultured dermal cells are 
enclosed inside a pocket of epidermis. 

7. A method as claimed in any one of claims 1 
to 4 wherein the dermal cells are introduced in 
the form of a mixture with epidermal cells. 

8. A method as claimed in claim 7 wherein are 
used epidermal cells of inter- or intra- follicular 
origin. 

9. A method as claimed in any one of claims 1 
to 8 wherein said mammal is treated with a hair 
growth stimulating promoter so as to enhance 
growth of new hair induced by said introduced 
cultured dermal cells. 

10. A method as claimed in any one of claims 1 
to 9 wherein said selected dermal cell(s) 
comprise at least one of dermal papilla and 
dermal sheath cells. 

1 1 . A method as claimed in any one of claims 1 
to 10 wherein said selected dermal cells are of 
human scalp origin. 

12. A hair growth stimulating combination 
comprising cultured lower follicular dermal cells 



in admixture with epidermal cells. 
13. A combination as claimed in claim 12 
wherein said dermal cells are in the form of 
aggregated clumps. 
5 14. A combination as claimed in claim 1 3 which 

includes a dermal cell aggregation promoting 
substance. 

15. A combination as claimed In claim 14 
wherein said substance is a glycoprotein or 

10 glycosaminogiycan. 

1 6. An injection composition suitable for use In 
stimulating hair growth which composition 
comprises a combination as claimed in any one 
of claims 11 to 14 in intimate admixture with a 

15 physiologically acceptable injection vehicle. 

17. A combination comprising cultured lower 
follicular dermal cells in admixture with epider- 
mal cells, for use in the preparation of a hair 
growth stimulating substance. 

20 18. Cultured human scalp lower follicular 

dermal cells for use in the preparation of a hair 
growth stimulating injection composition. 

Claims for the following Contracting State : AT 
25 1. A method of stimulating hair growth of a 

desired hairtype in part of the skin of a mammal 
which method comprises the steps of: select- 
ing at least one lower follicular dermal cell of 
said desired hairtype; 
30 culturing the selected dermal cell(s) so as to 

produce cultured dermal cells; 
forming an opening in the skin of said part of the 
mammal; and introducing cultured dermal cells 
through said opening in the epidermis into 
35 contact with the dermis in proximity to the 

epidermis and with said cultured dermal cells in 
association with epidermal cells. 

2. A method as claimed in claim I wherein said 
cultured dermal cells introduced through said 

40 opening are subjected to physical and/or 

biochemical aggregation thereby to enhance 
interaction with said epidermal cells. 

3. A method as claimed in claim 2 wherein 
said cultured dermal cells are treated with an 

45 aggregation promoting glycoprotein or glyco- 

saminogiycan. 

4. A method as claimed in any one of claims 1 
to 3 wherein said opening is In the form of a 
narrow incision having a depth of from 0.4 to 

50 6mm. 

5. A method as claimed in any one of claims 1 
to 4 which method includes the step of inducing 
a blister in said part of the skin, and wherein 
said opening is made in part of the epidermis at 

55 said blister, and said cultured dermal cells are 

introduced into the blister cavity. 

6. A method as claimed in any one of claims 1 
to 4 wherein the cultured dermal cells are 
enclosed inside a pocket of epidermis. 

GO 7. A method as claimed in any one of claims 1 

to 4 wherein the dermal cells are introduced in 
the form of a mixture with epidermal cells. 

8. A method as claimed in claim 7 wherein are 
used epidermal cells of inter- or intra- follicular 

65 origin. 
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9. A method as claimed in any one of claims I 
to 8 wherein said mammal is treated with a hair 
growth stimulating promoter so as to enhance 
growth of new hair induced by said introduced 
cultured dermal cells. 5 
IO. A method as claimed in any one of claims I 
to 9 wherein said selected dermal cell(s) 
comprise at least one of dermal papilla and 
dermal sheath cells. 

[I. A method as claimed in any one of claims I to 10 
IO wherein said selected dermal cells are of 
human scalp origin. 

12. A process for preparing hair growth 
stimulating combination comprising the steps 

of culturing lower follicular dermal ceils and 15 
bringing them into admixture with epidermal 
cells. 

13. A process as claimed in claim I2 wherein 
said dermal cells are aggregated into clumps. 

14. A process as claimed in claim 13 which 20 
includes incorporation of a dermal cell aggrega- 
tion promoting substance. 

15. A combination as claimed in claim 14 which 
includes incorporation of a dermal cell aggrega- 
tion promoting glycoprotein or glycosaminogly- 25 
can. 

16. A process for preparing an injection 
composition suitable for use in stimulating hair 
growth which process comprises bringing a 
combination according to any one of claims H to 30 
14 cuts intimate admixture with a physiologically 
acceptable injection vehicle. 

17. A process for preparing a combination 
comprising cultured lower follicular dermal cells 

in admixture with epidermal cells, for use in the 35 
preparation of a hair growth stimulating sub- 
stance,comprislng culturing lower follicular der- 
mal cells and bringing them into admixture with 
epidermal cells. 

18. A process for preparing cultured human 40 
scalp lower follicular dermal cells for use in the 
preparation of a hair growth stimulating injec- 
tion composition comprising culturing lower 
follicular dermal cells. 
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